A brief review of using soft x-ray resonant magnetic scattering in the study of 
magnetic scattering can be considered as a simple extension of normal magneto-optical effects to higher photon energies. However, there is an important distinction between the two cases. At lower energies, especially when both the initial and final states are in the conduction band, the spin-orbit splitting is often small in comparison with the bandwidth of the joint density of states, which leads to partial cancellation of the magneto-optical effects. On the other hand, at higher energies where the spin-orbit splitting of the initial core state is typically much greater than the bandwidth of the conduction band, the cancellation is small, which in turn makes the observed magneto-optical effects much more pronounced [41.
In the remainder of this paper, we will limit our discussion to dipole transitions and to the transverse scattering configuration, where the magnetization of the sample is perpendicular to the scattering plane. Complete analysis of multipole transitions and polarization dependence can be found in Hannon et al [3] . Following reference [3] , the scattering amplitude due to resonant exchange scattering in the transverse configuration, and considering only dipole transitions, is given by equation (1),
( 1) In equation (1), and e are the polarization vectors of the incident and scattered beams, defines the quantization axis, and FLM is the resonant response, where L is the order of the transition (L = 1 for dipole transitions) and M is the change in angular momentum (AM = 0, The first term is the usual resonant scattering amplitude in anomalous scattering and the second term is the linear magnetic term, which is proportional to the magnetization of the sample. Since AM equals -1 ( + 1) for left-( right-) circularly polarized light, the two terms in equation (1) The data agrees very well with an atomic-like model calculation based on the resonant exchange scattering process [7] . In this model, the 3d states of Fe are treated as atomic levels with an exchange splitting A. The resonant scattering amplitude then
with [e(
where F includes the radial part of the transition probability and the resonant denominator, 1 , n is the net number of spin up electrons, n is the total number of x(a,r)-i e h holes in the 3d band, F is the total width of the excited state, and A is the exchange splitting. In the resonant denominator, x is the deviation from the absorption edge energy in units of half widths, and is defined as where E is the photon energy, and Ea E1 are the energies of the ground state and the excited state respectively.
From equation (3), it is clear that the linear magnetic term is a function of both the spin polarization of the partially filled states and the exchange splitting of the unoccupied states. Given these functions, the specular reflectivity and asymmetry ratios can then be calculated using the scattering amplitude in equation (2). Figure 2 Case II: Fe/Gd multilayer Asymmetry ratios and reflectivity were also measured for a ( 32.4 A Fe! 32.7 A 22 multilayer near both the Fe L11111 edges and the Gd M1 edges as a function of photon energy and scattering angle [8] . Figure 3 shows the specular reflectivity measured at several photon energies around the Fe L11111 edges. For photon energy much lower than the Fe L111 edge ( 707 eV ), the Bragg reflection corresponding to the multilayer periodicity can be clearly observed. Subsidiary maxima corresponding to the number of layers ( 22 ) are also observed. At 700 eV, the intensity of the Bragg reflection reaches the maximum as the real part of the scattering factor increases rapidly while the imaginary part is still very small. The large changes in the real part of the scattering factor also introduces large index of refraction correction to the position of the Bragg reflection.
Further increase of the photon energy increases the absorption dramatically while the intensity of the Bragg reflection reduces correspondingly. At 702 eV, the Bragg reflection is not as well defined already; and at 707 eV and above only the top most layer is being sampled by the photon.
Clearly the strong absorption above the edge makes it impossible to take advantage of the large asymmetry ratio above the edge to study the magnetic coupling in the multilayer. However, the effect of resonant magnetic scattering is still observable before the absorption edge. Figure 4 shows the asymmetry ratios as well as the reflectivity measured at 700 eV, about 7 eV below the L111 absorption threshold, as a function of wave vector transfer Q, 4it sin(O) It clearly demonstrates that asymmetry ratios can be observed for these interesting magnetic systems.
Conclusions
(1)From the analysis of resonant magnetic scattering, the criteria for large enhancement of the magnetic scattering cross section near an absorption edge are the following: the absorption edge involves some strong multipole transitions, large spinorbit coupling in the initial state to avoid partial cancellation of the effect, strong spin polarization of the unoccupied states, and large exchange splitting. In the soft x-ray region, large effect can be expected from 3d transition ferromagnets and 4f rare-earth magnetic materials.
(2)The results from the thin Fe film demonstrate that important spectroscopic information about the electronic structure of magnetic systems can be extracted from magnetic scattering measurements.
(3)The large resonant enhancement combined with the high photon flux available from synchrotron radiation sources makes this technique especially attractive for the study of surface, interface, and thin film magnetism, and for the characterization of dilute magnetic samples.
(4)For multilayers consisting of 3d and/or 4f elements, large enhancement of the magnetic scattering cross section can be expected. Moreover, in cases where the wavelength of soft x-ray photon used in the excitation is comparable to the periodicity of the multilayer, the ordering and coupling of these multilayers can also be studied.
Field dependent and temperature dependent studies of these systems should provide valuable information on the understanding of these interesting systems.
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